I1T HAS BEEN suggested that polyunsaturated fatty acids control, by some mechanism, the levels of blood cholesterol and other blood lipids.1 S Sinclair suggested4 that dietary deficiency of essential fatty acids is responsible for human atherosclerosis. He proposed t-hat the mechanism of atherogenesis involves a replacement of the polyunsaturated fatty acids in serum cholesterol esters by saturated and nonessential unsaturated fatty acids, followed by a deposition of the less soluble saturated esters in the arterial wall resulting in atheromatous lesions. It is not clear from the literature whether data on the composition of human serum lipids support or refute the hypothesis of Sinclair. Subjects with clinical disease due to atherosclerosis, in some studies, have a smaller proportion of polyunsaturated fatty acids, principally linoleic and arachidonic acids, in their serum lipids than "healthy" subjects from the same population. [5] [6] [7] [8] [9] The triene/tetraene fatty acid ratio has also been found to be elevated in subjects with clinical manifestations of atherosclerosis,6 which suggests a relative deficiency of essential fatty acids.'0 Herdenstam"l and James et al.,'2 found, to the contrary, the same proportion of polyunsaturated fatty acids in serum lipids of "healthy" and "atherosclerotic" subjects. Hammond and Lundberg5 reported serum concentrations of polyunsaturated fatty acids in healthy Guatemalans equal to or exceeding From the Louisiana State University School of Medicine, New Orleans, Louisiana, and the Instituto de Nutricion de Centro America y Panama, Guatemala, Central America.
Supported by Grant HE-6581, National Heart Institute, U. S. Public Health Service. that of "healthy" North Americans even though Guatemalans have a low level of fat in their diet,13 but this work was based on the alkaline isomerization method of fatty acid analysis, which does not isolate the individual acids present. This study is of special interest, since rural Guatemalans have a low prevalence of clinical disease due to atherosclerosis and arterial lesions in this population seldom progress past the early fatty streak stage. [14] [15] [16] [17] Several difficulties arise in assessing the above data. The comparison of the proportional composition of the fatty acids from serum lipids of different individuals is difficult. Subjects with clinical disease due to atherosclerosis generally have higher serum lipid values than those without, and a subnormal proportion of a given fatty acid in such an individual might be present even when an elevated serum concentration of that particular acid exists. Also, with age-matched individuals from a susceptible population, those subjects with clinical disease due to atherosclerosis may have only slightly more extensive arterial lesions than those without clinical disease. [14] [15] [16] [17] Therefore, serum lipid concentrations reflecting the presence of atherosclerotic lesions probably will not be significantly different in subjects with and those without clinical disease. Atherosclerosis develops by stages; fatty streaks are followed by fibrous plaques, which become clinically manifest only when some complication such as thrombosis, hemorrhage, or ulceration of a lesion occurs, leading to arterial occlusion.
To determine the role of essential fatty acids in atherosclerosis, the severity of disease in the subjects studied must be more clearly defined. Therefore, the results of the above 0Circulation, Volume XXXII, July 1965 studies are inconclusive as to whether essential fatty acid deficiency is involved in the development of arterial lesions or in some way is related to the occlusive episode that leads to clinically manifest disease.
Studies of the natural history of aortic and coronary atherosclerosis have shown that the rural Guatemalan male has only slightly less fatty streaks but far less fibrous plaques in these vessels than the New Orleans male during the third decade of life. '4-17 Therefore, during the third decade of life, there seems to be a difference between New Orleanians and Guatemalans that predisposes the New Orleanian to progressive arterial lesions (development of fibrous plaques) and also increased risk of clinical disease. This study is a comparison of the serum lipids of New Orleanians and Guatemalans in the third decade of life to determine if there exists any difference in the proportion or concentration of serum essential fatty acids that may be related to the difference in prevalence of fibrous plaques.
Materials and Methods
Human subjects consisted of eight Guatemalan males (G) from the Indian community of San Juan Sacatepequez, located in the Department of Guatemala, Guatemala, C.A., and 20 North American males; 10 whites (W) and 10 Negroes (N), all residents of New Orleans. The age range was 20 to 30 years. The mean ages (years) were G = 26.7; N = 24.0; W = 23.4; and the mean weights (pounds) were G = 109.6; N = 168.0; and W = 174.8. No specific height data were obtained for the New Orleanians, but the mean height for these subjects is certain to be somewhat greater than the mean of 62 inches found for the Guatemalans. The diet of the Guatemalans has been described elsewhere.'8 No specific dietary information was obtained on the New Orleanians, but these subjects were from the lower socioeconomic levels.
All subjects were fasted for at least 4 hours before bleeding. The blood was collected in sterile containers without anticoagulants or preservatives. After clotting, the serum was separated by centrifugation and frozen at -20 C. until analyzed.
Serum total -cholesterol was determined by the method of Sperry'9 with modificationspreviously described.20 Serum total lipids were extracted by an adaptation of the method of Folch et al.2' The total lipid extracts were dried at 40 C. in a rotary evaporator under vacuum. The dried extracts were weighed after reextracting with chloroform: methanol (2:1) and drying.
Total neutral lipids and phospholipids were determined gravimetrically after separation of the the total lipid extracts by the silicic acid column method of Van Handel and Zilversmit.22 The neutral lipid subfractions were determined gravimetrically after separation by the silicic acid column method of Horning, Williams, and Horning. 23 The purity of the various lipid fractions was ascertained by frequently checking the order of elution with standards and by making certain in the neutral lipid subfractions that the hydrocarbon, triglyceride, and partial glyceride fractions were free from cholesterol and that the cholesterol ester and free cholesterol plus free fatty acid fractions were free from glycerol. There was little likelihood of contamination of the partial glycerides by triglycerides, since these two fractions were always separated by a glycerol-free fraction (free sterol plus free fatty acids).
The fatty acid moieties of the neutral lipid subfractions and of the total phospholipid fractions were determined by gas-liquid chromatography.* The methyl esters of the fatty acids of each lipid fraction were prepared by methanolysis at 80 C. for 15 hours. The gas-liquid chromatographic columns, 9 feet long, 3 mm. in diameter, were packed with 15 per cent diethylene glycol succinate on Gas Chrom Zt (120-140 mesh), and maintained at 180 C. An ionization detector was used whose response is proportional to the mass ratio of the esters.24 The gaschromatograph was calibrated qualitatively and quantitatively with commercially available fatty acid ester mixtures. t Total serum esterified linoleic and arachidonic acid concentrations were calculated from the fatty acid composition of the cholesterol ester, triglyceride, partial glyceride, and phospholipid fractions, and the concentrations of these lipid fractions. Calculations of the fatty acid content of the various lipid fractions were based on an average fatty acid chain of 18 carbons. The weights of linoleic and arachidonic acids in each fraction were calculated from the known weights of these lipid fractions and the known composition of the fatty acids. TDifference between mean and that for Guatemalans significaint to p1 < 0.05.
samples. Statistically significant differences in the tables are indicated wvhen p = 0.05, but much of the data indicate an even lower p value. Table 1 shows that Guatemalans in this study had lower serum lipid levels than New Orleanians, with the exception of the hydrocarbon and partial glyceride fractions. The level of partial glycerides in Guatemalans was equal to that of New Orleanians; the level of hydrocarbons in Guatemalans exceeded that of New Orleanians. The composition of the serum cholesterol fatty acids is shown in table 2. There was a significantly larger proportion of arachidonic acid (20:4) in both Negroes and whites than in Guatemalans. The serum level of all cholesterol ester fatty acids, not given in the table. was higher in New Orleanians than Guatemalans because of the higher serum cholesterol ester levels.
Results
As shown in table 3, there was a smaller proportion of linoleic acid (18:2) and a larger proportion of arachidonic acid in the triglyceride fatty acids in New Orleanians. The free fatty acid fractions (table 4) were similar in all three groups. *Difference between mean and that for white significant to p < 0.05. tDifference between mean and that for Guatemalans significant to p < 0.05. The proportion of arachidonic acid (20:4) in all lipid fractions of whites and Negroes was not remarkably greater than that of the Guatemalans. However, the serum concentration of esterified arachidonic acid in the two New Orleans groups was twice as high as that of the Guatemalans (table 7) , due to higher concentrations of cholesterol esters, 
Discussion and Conclusions
Although the sample studied was relatively small, the higher concentration of serum total lipid and total cholesterol in New Orleanians as compared to Guatemalans con-firms previous reports.' 8 26' 27 The number of subjects was kept small because of the timeconsuming nature of the technical procedures. Some of the variability, however, was believed to be eliminated by the restrictions on sex (males) and age (20 to 30 years) of the sample. Moore clinical evidence of arterial disease but from a population with a high prevalence of atherosclerosis. They found, however, that this ratio increased in subjects with clinical disease due to atherosclerosis. Although the New Orleans population studied in this investigation has been shown to have a much higher prevalence of fibrous plaques in the aorta, the mean cholesterol/phospholipid ratios of the three groups were not significantly different, suggesting that there is no relationship between cholesterol/phospholipid ratios and the formation of aortic fibrous plaques.
Two fractions accounted for the higher serum lipids in New Orleanians: cholesterol esters and total phospholipids. Since the serum total cholesterol concentration was significantly higher in New Orleanians, the higher concentration of serum cholesterol esters is not surprising. The mean free cholesterol plus free fatty acid concentration, however, was only slightly higher in Negroes and whites than in the Guatemalans and the differences are not statistically significant. Therefore, the higher concentration of serum total cholesterol in the New Orleanians was due principally to a higher concentration of cholesterol esters. Although the serum triglyceride in New Orleanians was somewhat higher than that of the Guatemalans, this difference is not statistically significant and there is little evidence in this study of a correlation between serum triglyceride level and the formation of fibrous plaques.
Arachidonic acid was not found in the free fatty acid fractions in this investigation. This is in disagreement with Schrade et al. 8 and may be a result of the different methods used to separate the various lipid fractions.
The proportion of polyunsaturated fatty acids (18:2+20:4) esterified to serum cholesterol was quite similar in New Orleanians and Guatemalans although lesions in North Americans have been demonstrated to be more severe than in Guatemalans in this age group.'4 17 These data consequently do not support Sinclair's proposed mechanism of human atherogenesis based on a decreased proportion of polyunsaturated fatty acids in serum cholesterol esters.
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The greater proportion of linoleic acid in the triglycerides and partial glycerides of Guatemalans probably reflects dietary differences between Guatemalans and North Americans. Thus, the Guatemalans apparently consume much less fat in their diets'8 than North
Americans, but most of it comes from vegetable sources and has a high proportion of linoleic acid. Although the proportion of linoleic acid in serum triglycerides of Guatemalans is higher than that of North Americans, the proportion of eicosatrienoic acid in Guatemalan phospholipid fatty acids is slightly greater, which is usually an indication of dietary deficiency of essential fatty acids. It is conceivable, therefore, that although the proportion of linoleic acid in the diet of the Guatemalan is high, the total intake is not quite adequate to meet his needs.
The proportion of arachidonic acid in the serum cholesterol ester and phospholipid fatty acids and the concentration of total serum arachidonic acid was higher in New Orleanians than Guatemalans. The concentration of total serum linoleic acid was also higher in New Orleanians, but the difference was not so great as that of arachidonic acid. From this study and that of Schrade et al.,8 total serum arachidonic acid appears to be elevated in both '"ealthy" and "atherosclerotic" subjects in a population with a high prevalence of arterial lesions as compared to healthy individuals from a population with a low prevalence. The proportion of arachidonic acid in all of the aortic phospholipid fractions in humans, however, has been found to decrease as the severity of aortic lesions increases. 29 Elevated serum concentrations of arachidonic acid with a concomitant deficiency of arachidonic acid in the lipids of arterial tissue in atherosclerotic subjects is not limited to humans, Recent work with dogs20 has demonstrated that conditions causing severe hyperlipemia and arterial lesions was accompanied by an increase in serum total arachidonic acid concentration and a decrease in concentration of arachidonic acid in liver and aorta lipids. There was no deficiency of linoleic acid in the tissues of these dogs and ill GUIDRY, MihNDEZ it was postulated that the hyperlipemia produced a demand for arachidonic acid that exceeded the supply available by synthesis from linoleic acid. Under these experimental conditions, the serum lipids appear to have a greater "affinity" for arachidonic acid than the tissues, and these tissues, especially the arteries, suffer ;a deficiency of this essential fatty acid. This may be explained on the basis that the serum phospholipids and cholesterol esters are synthesized by the liver, whereas the aorta lipids, at least the phospholipids, are synthesized in situ. 30 The relative efficiency of these two metabolic sites in competing for the available arachidonic acid may account for the difference in rate of incorporation of arachidonic acid in serum and aorta lipids.
The findings in humans presented here could in part be explained by the above mechanism and indirectly support the theory that hyperlipemia can lead to an increase in serum concentration of arachidonic acid with a concomitant deficiency of this compound in the arterial tissues. The exact relationship between deficiency of arachidonic acid in aorta lipids and aorta atherosclerosis remains to be explained.
Whether this aorta deficiency of arachidonic acid in humans is due to inadequate dietary linoleic acid or a deficiency in rate of essential fatty acid metabolism remains to be determined. The data on the Guatemalans suggest that a slight dietary deficiency of linoleic acid will not result in severe atherosclerosis, provided there is no excessive demand on the supply of arachidonic acid for synthesis of serum lipids (their serum lipid levels are relatively low). The data on New Orleanians suggest that their dietary intake of linoleic acid is sufficient to prevent the elevation of eicosatrienoic acid, but they are unable to produce sufficient arachidonic acid from linoleic acid to satisfy the demands of both the arterial tissue and the elevated serum lipids.
